Adsorptive heat transformation (AHT) systems such as adsorption thermal batteries and chillers can provide space heating and cooling in a more environmental friendly way.
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In this sense, we have recently reported that the spray drying method can be used to synthesize MOFs in the form of spherical hollow or compact superstructure/beads built up from the assembly of nanosized crystals. [17] An interesting feature of these superstructures is that their nitrogen adsorption isotherms at 77 K normally show a continuous increase of the N2 uptake at partial pressures over 0.4, suggesting the presence of interparticular voids in the mesoporous range resulting from the assembly of MOF nanocrystals. Here, we take advantage of these voids and the inherent microporosity of MOFs to use these superstructures as porous matrices to confine inorganic salts. We show that this strategy is suitable to develop effective CSPMs based on MOFs for adsorption heat transformation. For synthesizing these CSPMs, we chose
UiO-66 and UiO-66-NH2 as the porous MOF matrices, and CaCl2 and LiCl as the inorganic salts. We chose UiO-66 and UiO-66-NH2 because of their high thermal and water stability and its water sorption capabilities. [18] And we chose CaCl2 and LiCl because their excellent water uptake capabilities.
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RESULTS AND DISCUSSION
Continuous-flow spray-drying synthesis
The composites were prepared by the spray-drying continuous-flow method, which enabled simultaneous synthesis and shaping of microspherical CSPMs made of CaCl2 and UiO-66. In a typical experiment, a precursor solution containing ZrCl4, 1,4-benzene dicarboxylic acid (BDC), CaCl2·2H2O, H2O and DMF in a molar ratio of 1:1:1. in the composite (hereafter, CaCl2@UiO-66_38) was determined. This percentage corresponds to the molar ratio of 1:1.5 (Zr 4+ :CaCl2), which is similar to the initial value (1:1.6), confirming that spray drying is very efficient for incorporating CaCl2 into the superstructures. Elemental mapping with energy dispersive X-ray spectrometry (EDX)
was also performed on a single superstructure, which revealed a highly uniform distribution of Zr, Ca and Cl atoms ( Figure 1c ).
"This is the peer reviewed version of the following article: Luis Garzón-Tovar, Javier ( Figure 1d ). We attribute this low microporosity to CaCl2 particles, which are somehow blocking the access of N2 molecules into the MOF micropores. This assumption was corroborated by removing the CaCl2 from the CaCl2@UiO-66_38 composites by incubating them in ethanol for 12 h at room temperature. Under these conditions, CaCl2
was completely removed from the composites, as confirmed by the disappearance of the characteristic XRPD peaks of the CaCl2 hydrates ( Figure S1 ). Remarkably, the resulting UiO-66 superstructures showed a SBET value that increased up to 1100 m 2 g -1 ( Figure   1d ). In addition, FESEM images of these UiO-66 superstructures revealed the formation of voids resulting from the dissolution of the CaCl2 crystals ( Figure 1e ). The presence of these voids was in concordance with the higher increase in the N2 adsorption in the range of pressures related to meso-and macroporosity as well as with the pore size distribution curve, in which the presence of mesopores with 14 nm in diameter was evidenced after removing CaCl2 ( Figure S2 ). In addition, the content of UiO-66 in the composite was estimated by weighting these superstructures, from which a UiO-66 content of 58 % w/w (wUiO-66-1/wCSPM) was determined. This percentage is similar to the expected 62 % if the CaCl2@UiO-66_38 is composed of CaCl2 and UiO-66. Altogether, these observations
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Water sorption properties
Having determined the presence of both UiO-66 and CaCl2 in CaCl2@UiO-66_38, we then evaluated its water sorption properties. Water sorption isotherm of CaCl2@UiO-66_38 (previously outgassed at 200 ºC) at 298 K showed two segments with steep increase in the water uptake ( Figure 2a ). These two steps were attributed to the formation of CaCl2·0.33H2O at a relative humidity (RH) of 3 % (water uptake of 0.15 gwater g and to the further transformation of this hydrate to CaCl2·2H2O at RHs from 10 % to 16 % (water uptake of 0.33 gwater g -1 CSPM). [7, 19] Then, the sorption curve ascended monotonically, indicating the formation of an aqueous solution of the salt and reaching a maximum water uptake of 1.93 gwater g -1
CSPM at a RH of 90 %. [7, 19] Interestingly, an hysteresis loop at low pressures (P/P0 = 0.10-0.16) was observed in the desorption branch due to the structural changes in the transition from CaCl2·2H2O hydrate to CaCl2·0.33H2O hydrate, which is in agreement with other CSPMs based on mesoporous materials and salts crystals. [7, 20] Thus, we hypothesize that the water sorption takes place in the following steps: the anhydrous CaCl2 particles confined in the micropores of UiO-66 and/or in the interparticular voids of superstructures adsorbs water and transforms to crystalline CaCl2•0.33H2O; then, this hydrate adsorbs more water and is transformed to crystalline CaCl2•2H2O; and finally, the salt is completely dissolved filling the pores and/or voids. Here, we also performed eight water sorption-desorption cycles by alternatively exposing CaCl2@UiO-66_38 to humid (90 % RH) and dry (0 % RH) environments. Remarkably, the maximum uptake at 90 % RH (1.93 gwater g To prove that the properties of CaCl2@UiO-66_38 composite results from using the insitu spray-drying synthesis and shaping methodology rather than simply mixing and CaCl2, we also performed the water sorption measurement of a physical mixture of (Figure 2b ). This behavior is very similar to that found for the pristine CaCl2, thereby confirming that a simple mixture is not enough for producing a composite that behaves as a solid adsorbent when adsorb water, as it does the spray-drying synthesized spherical superstructures.
Tuning the composition of CaCl2
We then sought to assess the water sorption properties of CaCl2@UiO-66 composites with diverse compositions, seeking to find an optimal CaCl2/UiO-66 ratio in terms of maximum capacity of UiO-66 superstructures to host CaCl2 while preventing its dissolution. Thus, we systematically synthesized a series of composites in which we increased the initial molar ratios of CaCl2 from 1:2.6, 1:3.2, 1:4.8 to 1:6.4 (Zr 4+ :CaCl2).
Again, the content of Ca in the composites was estimated by digesting the as-made samples (previously outgassed at 200 ºC under vacuum) in H2SO4 at 50 ºC and analysed by ICP-OES (Table S1) to that observed in CaCl2@UiO-66_38 (3.1 % of the total uptake).
Synthesis of LiCl@UiO-66 and CaCl2@UiO-66-NH2 composites
To demonstrate the generality of our approach, we used the spray-drying technique to synthesize other Salt@MOF CSPMs substituting the inorganic salt and the MOF. Thus, we prepared LiCl@UiO-66 and CaCl2@UiO-66-NH2 using the same conditions as for CaCl2@UiO-66_38, except that instead of CaCl2 in the first case and UiO-66 in the second case, we used LiCl and UiO-66-NH2, respectively. In both cases, pure microspherical superstructures were obtained, as confirmed by FESEM and XRPD (Figure 3e-g and S4) . The content of Li and Ca was also estimated by ICP-OES, from which a LiCl content of 19 % w/w in LiCl@UiO-66_19 and a CaCl2 content of 38 % w/w in CaCl2@UiO-66-NH2_38 were determined. Here, water sorption measurements at 298 K showed that LiCl@UiO-66_19 exhibits a high water uptake of 1.53 gwater g showed a maximum uptake of 1.76 gwater g -1 CSPM, which is lower compared with its analogue based on UiO-66, and it retained 0.12 gwater g -1 CSPM (6.8 % of the total uptake) of water at a RH of 0%, which doubles that of its UiO-66 analogue. Figure S5 summarizes the working capacity for all prepared materials and the most promising UiO-66-based CSPMs were tested as potential adsorbents in thermal batteries and adsorption heat pumps applications according to their working capacity (ΔW).
Thermal batteries application
Among them, thermal batteries have been recently explored as an alternative to the traditional air conditioning systems in electric vehicles. Traditionally, the climate control system is based in a vapour compression system where the compressor is driven by an electric battery with high power consumption, producing a decrease in the efficiency of the electric vehicle. Thermal batteries are based in a sorption and desorption cycles where large amounts of energy can be reversibly stored for provide heating and cooling efficiently. As consequence, the consumption of electric power decreases and the driving range of the electric vehicle increases [2c, 21] To evaluate our CSPMs as adsorbents for thermal batteries, we selected CaCl2@UiO-66_38 because it has the higher working capacity (Δw = 0.12 gwater g -1 CSPM) at P/P0 = 0.1 ( Figure 2a) . It is important to highlight here that water adsorption is desirable at a relative pressure of 0.1 to reduce the need of using compressors in the system. [15] Once CaCl2@UiO-66_38 was selected, the heat storage capacity (CHS) was estimated according to the Equation (1) [2b] .
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where Mw is the water molar weight and ΔHads is the heat of adsorption. ΔHads of CaCl2@UiO-66_38 was calculated using water isotherms collected at different temperatures (25, 40 and 50 ºC; Figure 4a ), and then adjust to the Clausius-Clapeyron Equation (2).
[22]
"This is the peer reviewed version of the following article: Luis Garzón-Tovar, Javier hydrate, where the water molecules are stronger bounded and then, a decrease to 43 kJ mol -1 is due to the formation of an aqueous solution of CaCl2. [23] Finally, a CHS value of 367 kJ kg -1 was determined using Equation (1). According to primary technical targets for thermal batteries, [24] the minimum heat storage capacity should be 2.5 kWh. This means that 24.5 Kg of CaCl2@UiO-66_38 will be required to achieve this capacity, which is less than the total weight of the system (35 Kg) suggested by U.S. Department of Energy (DOE).
[24]
Adsorption chillers application
To evaluate our CSPMs as adsorbents for adsorption chillers, we selected CaCl2@UiO-66_53 because it had the higher working capacity at P/P0 = 0.3, which is a typical value for practical applications. [2a] In order to describe the performance and the efficiency of this system, the specific cooling power (SCP), an isosteric cycle diagram and the coefficient of performance (COP) were determined.
The average specific cooling power (SCP) describes the effectiveness of the system during the cooling process and is defined as the ratio of cooling power per mass of adsorbent per cycle time according to Equation (3).
[2b]
where ΔHvap is the water enthalpy of evaporation, Δw is the working capacity of the CaCl2@UiO-66_53/H2O pair, Mw is the water molar weight, and τ0.8ads and τ0.8des are the adsorption and desorption times when the conversion q = 0.8 ( Figure 5 ). [2b, 15, 25] "This is the peer reviewed version of the following article: Luis Garzón-Tovar, Javier From these curves, we found that τ0.8ads and τ0.8des were 1320 s and 380 s, respectively.
Finally, a SCP value of 631 W kg -1 was calculated according to Equation 3.
In an adsorption air conditioning system, COP is a factor that helps describing the energetic efficiency. COP is defined as the useful output energy divided by the energy required as input. [26] Thus, COP is the ratio of the vaporization heat (Qev) and regeneration heat (Qreg) according to Equation (4). 
where ρ is the water density and m is the amount of CaCl2@UiO-66_53 used in the cycle.
where Cp cspm is the heat capacity of CaCl2@UiO-66_53 and Cp water is the heat capacity of water.
Thus, the sorption heat (ΔHads) of the working pair CaCl2@UiO-66_53/water and the heat capacity (Cp) of CaCl2@UiO-66_53 were initially determined. The ΔHads was calculated using the Clausius-Clapeyron equation and water isotherms at two different temperatures (25 and 40 ºC) ( Figure S8 ). As seen in the previous section, the ΔHads decreased as water uptake increased (from ca. 52 kJ mol -1 to ca. 41 kJ mol -1 ; Figure S9 ). Afterwards, the Cp of CaCl2@UiO-66_53
was determined from DSC analysis, from which an average Cp of 0.76 J g -1 K -1 was calculated over the temperature range of 303-353 K ( Figure S10 ).
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Once we determined these parameters, COP was calculated as a function of Tdes ( Figure   7 ). For a Tdes from 330 to 383 K, a COP value of 0.83 remained almost constant, meaning that 0.83 J of cold can be generated from 1 J of waste heat. Finally, we also studied the multiple adsorption-desorption cycles under operational conditions for air conditioning systems (P = 2.36 kPa, and Tads = 303 K and Tdes = 383 K). Figure 8 shows six consecutive cycles in which, after the first three cycles, a very small decrease in the water uptake (from 0.63 to 0.61 g g -1 ) was observed. Then, water uptake becomes stable, without a significant loss of adsorption and desorption capacities during the remaining cycles.
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